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Abstract
Proietti et al. (arXiv:1902.05080) reported on an experiment de-
signed to settle, or at least to throw light upon, the paradox of Wigner’s
friend. Without questioning the rigor or ingenuity of the experimen-
tal protocol, I argue that its relevance to the paradox itself is rather
limited.
1 Wigner’s Friend
In a paper entitled “Remarks on the Mind-body Question” [1], published
in 1961, E. P. Wigner argued that “consciousness enters [quantum mechanics]
unavoidably and unalterably.” In a process of observation or measurement,
the state vector (or wave function) changes, according to Wigner, when an
impression enters into our consciousness.
This, Wigner saw at once, easily leads to a contradiction. Let
1√
2
(|h〉+ |v〉) (1)
be the state vector of a photon,1 and let a ‘friend’ F observe the photon polar-
ization in the {|h〉, |v〉} basis. The friend’s consciousness then becomes |Fh〉
if she sees |h〉 and |Fv〉 if she sees |v〉. But suppose the whole process is
initially hidden from Wigner. He should then attribute to the photon-friend
system the state vector
1√
2
(|h〉|Fh〉+ |v〉|Fv〉). (2)
1|h〉 and |v〉 represent horizontal and vertical polarization states. The notation follows
Ref. [2].
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This state is, in principle, different from |h〉|Fh〉, |v〉|Fv〉 or any mixture
thereof, whence the contradiction.
Wigner realized that the contradiction could be dissolved if consciousness
were attributed to him only. He pointed out, however, that “to deny the
existence of the consciousness of a friend to this extent is surely an unnatural
attitude, approaching solipsism, and few people, in their hearts, will go along
with it.” To him, the contradiction is resolved by noting that following
his friend’s observation, the true state of the photon-friend system is either
|h〉|Fh〉 or |v〉|Fv〉.
Wigner also pointed out that if |Fh〉 and |Fv〉, instead of representing
states of a conscious being, represent atomic states that can be correlated
with the photon’s polarization, the true photon-atom state is indeed given
by (2).
2 An Unconscious Friend
Most current interpretations of quantum mechanics make no appeal to con-
sciousness in the formalization of a measurement process.2 Let us look briefly
at three of them: the pilot wave, spontaneous localization and many worlds.
In each case, we will let the conscious friend be replaced by an inanimate
instrument (also denoted by F ) designed to measure photon polarization.
In the pilot-wave approach [4, 5], each particle has a well-defined posi-
tion at all times and follows a deterministic trajectory. Assuming that the
photon-F system is isolated, (2) represents the true state vector, whether F
stands for a macroscopic instrument or an atom. In the first case, the con-
figuration of the particles making up the instrument will quickly concentrate
either in a region where (in configuration space) Fh is nonzero and Fv van-
ishes, or in a region where Fv is nonzero and Fh vanishes. For all practical
purposes, subsequent evolution will proceed as if (2) had only one term.3 In
the case where F stands for an atom, however, Fh and Fv may not always
have vanishing intersection in configuration space, so that both terms of (2)
must be kept.
With spontaneous localization [6], what happens is different, but the
2An exception is QBism [3], where the state vector represents an agent’s information,
or betting preferences.
3If Wigner has technology sufficiently advanced to monitor macroscopic interference,
both terms are still relevant.
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end result is essentially the same. If F stands for an atom, the number of
elementary particles involved is perhaps 100. The probability of localization
of one particle in the next second is typically taken as 10−16. Therefore, the
probability of localization of the atom during the course of measurement (say
103 s) is on the order of
100× 103 s× 10−16 s−1 ≈ 10−11, (3)
a very small number. Hence both terms of (2) must be kept. If F stands
for an instrument, however, perhaps 1025 particles are involved. Localization
will then happen with probability close to 1 in less than a nanosecond. One
of the terms of (2) essentially disappears.
In the many-worlds approach [7], both terms of (2) must be kept at all
times. Let the splitting of ‘worlds’ occur with macroscopic systems only.4 If
F stands for an atom, there is no split, and both terms of (2) are relevant
at all times. But if F stands for an instrument, the result of the split is
that each of the two worlds is governed by only one term of (2) (but see
footnote 3).
The upshot is that in all three interpretations examined, Wigner will
attribute state vector (2) to the photon-F system if F stands for an atom,
and only one term of (2) if F stands for an instrument.
3 Experimental Investigation
Inspired by Brukner’s no-go theorem [9], the experiment described by Proietti
et al. [2] consists in setting up a procedure which in the end prepares four
photons in the state
|Ψ〉 = 1√
2
cos
pi
8
(|h〉a|Fv〉a|v〉b|Fh〉b + |v〉a|Fh〉a|h〉b|Fv〉b)
+
1√
2
sin
pi
8
(|h〉a|Fv〉a|h〉b|Fv〉b − |v〉a|Fh〉a|v〉b|Fh〉b). (4)
Indices a and b refer to Alice and Bob, each of whom gets one photon of a
pair originally prepared in the entangled state
1√
2
(|h〉a|v〉b − |v〉a|h〉b). (5)
4For alternatives see Ref. [8].
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The experimental protocol correlates, on Alice’s side, the state |h〉a with the
state |Fv〉a and the state |v〉a with the state |Fh〉a (and similarly on Bob’s
side). In this sense, although |Fv〉a, |Fh〉a, |Fv〉b and |Fh〉b are one-photon
states, they are formally associated with ‘friends.’
Proietti et al. also introduce four observables A0, A1, B0 and B1, the first
two associated with Alice and the last two with Bob. Alice’s observables are
defined as
A0 = I⊗ (|Fv〉a〈Fv|a − |Fh〉a〈Fh|a) (6)
and
A1 =
1
2
(|h〉a|Fv〉a + |v〉a|Fh〉a)(〈h|a〈Fv|a + 〈v|a〈Fh|a)
− 1
2
(|h〉a|Fv〉a − |v〉a|Fh〉a)(〈h|a〈Fv|a − 〈v|a〈Fh|a), (7)
with similar definitions on Bob’s side. OperatorsA0 andA1 act as the identity
on Bob’s state space, and similarly with B0 and B1 on Alice’s space. Thus
A0 and A1 commute with B0 and B1.
It is straightforward to show that A2
0
= I⊗ I and that
A2
1
= |h〉a|Fv〉a〈h|a〈Fv|a + |v〉a|Fh〉a〈v|a〈Fh|a, (8)
with similar relations for B2
0
and B2
1
. From this we conclude that A0 and B0
can only have eigenvalues ±1, whereas A1 and B1 can only have eigenvalues
0,±1. If we assume that all these observables have simultaneous values (or,
we could say, are simultaneous elements of reality), we easily check that
A1B1 + A1B0 + A0B1 − A0B0 ≤ 2. (9)
This implies that if relevant quantities are adequately sampled in experimen-
tal runs,
〈A1B1〉+ 〈A1B0〉+ 〈A0B1〉 − 〈A0B0〉 ≤ 2. (10)
Experimental results have revealed a violation of (10) by five standard devi-
ations [2].
4 Discussion
The experiment shows that A0, A1, B0 and B1 cannot have simultaneous
values. Since, however, the A’s commute with the B’s, any A can have
4
simultaneous value with any B. The upshot is that either A0 does not have
simultaneous value with A1, or B0 does not have simultaneous value with
B1. From (6) we see that the value of A0 corresponds to Alice’s friend’s
information about the photon’s polarization, while from (7) we see that the
value of A1 corresponds to Alice’s information about the superposition of
photon-friend states.
It is important to note that these results are completely consistent with
unitary quantum mechanics. Since A0 and A1 do not commute, they are not
expected to have simultaneous values.
Proietti et al. [2] interpret their result as an “experimental rejection of
observer-independence.” If one observer registers a value, the other doesn’t.
To reach this conclusion, they are careful to define an observer as “any phys-
ical system that can extract information from another system by means of
some interaction, and store that information in a physical memory.” In this
sense, even a single photon can be an observer. Such a definition is vastly
different from what Wigner had in mind when introducing his friend who,
as we saw, is a conscious being.5 Wigner believed that replacing a conscious
friend by an atomic system would lead to behavior consistent with unitary
quantum mechanics. Thus he would have expected the experimental results
just described. It would certainly be interesting to investigate how these
results would evolve if the ‘observer’ were made more and more complex. As
pointed out in [2], however, there are easier ways to probe quantum mechan-
ics at larger scales.
Proietti et al. also claim that their result “lends considerable strength
to interpretations of quantum theory already set in an observer-dependent
framework6 and demands for revision of those which are not.” But all inter-
pretations of quantum mechanics mentioned in Sect. 2 predict, for the system
they used, the experimental results they obtained. From an empirical point
of view, therefore, these results provide no support for an observer-dependent
framework over any commitment one already has to such framework.
To conclude, the notion of observer introduced in [2] is far removed from
the original notion of Wigner’s friend. And technically nice as they are, these
results provide no reason to prefer one interpretation of quantum mechanics
over others.
5This is also stressed in Ref. [10], in connection with another Wigner’s friend experi-
ment.
6Refs. [3] and [11], for example.
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